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[S57] ABSTRACT 

Novel processes for introducing DNA into plant mate- 
rial utilizing non-ptlsed electric current, and plant cell 
lines, differentiated plant tissues and plants produced by 
said processes. 
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1 
ELECTROTRANSFORMATION PROCESS 


‘This is a continuation of application Ser. No. 08/047, 
175, filed Apr. 14, 1993, now abandoned: which is 2 
continuation of application Ser, No, 07/817,703, filed 
Jan. 7, 1992, now abandoned: which is a continuation- 
in-part of application Ser. No. 07/674,415, fled Mar. 22, 
1991, now abandoned: which is a continuation of appli- 
cation Ser, No. 07/582,824, filed Sep. 14, 1990, now 
abandoned; which is a continuation of application Ser. 
No. 07/389,079, filed Aug. 3, 1989, now abandoned; 
which is a continuation-in-part of application Ser. No. 
07/209,401, filed on Aug. 2, 1988, now abandoned; 
which is a continuation-in-part of application Ser. No. 
07/190,286, filed on May 4, 1988, now abandoned; 
which is a continuation-in-part of application Ser. No. 
07/027,712, filed on May 5, 1987, now abandoned. 

‘The present invention relates to processes for intro- 
ducing DNA into monocotyledonous and dicotyledon- 
ous plant material by utilization of non-pulsed electric 
current for a sufficient time to effect transformation. 
The process provides for the direct transfer of DNA 
into intact monocotyledonous and dicotyledonous plant 
material 


BACKGROUND 


There are basically two approaches which have suc- 
cessfully been used to transform plants genetically, but 
each method has limitations whea applied in particular 
to monocotyledonous plants (monocots) and particu- 
larly to the commercially important crops, the cereals. 

The first method utilizes Agrobacterium tumefaciens, 
which is a soil microbe containing a Ti plasmid that 
transfers DNA from the plasmid to the genome of the 
infected plant. The method is basically restricted to 
dicotyledonous plants since monocots are usually not 
susceptible to Agrobacterium. Although the genetic 
transformation of Asparagus using this method has been 
disclosed [WO 86/03776] and Grimsley et al., Nature 
325:177~179 (1987), have reported the transfer of DNA 
into cereals via Agrobacterium, it had at the time of this 
invention not yet been demonstrated that actual trans- 
formation ie., uptake and integration of the exogenous 
DNA with the host cell genome or expression of the 
desired new traits, may occur. 

The second transformation method involves direct 
transfer of DNA into plant protoplasts. Such direct 
transfer can be obtained, for example, by chemically 
stimulated uptake using polyethylene glycol [Paszkow- 
ski et al., Afeth. Enzym. 118:668-684 (1986)] by a high- 
voltage pulse (electroporation) which punches transient 
holes in the protoplast membrane. (See, e.g., Fromm et 
al., Narure 319:791-793 (1986)) or by particle bombard- 
ment (Sanford etal. Part. Sei. Technol 5(1) 27-37 (1987). 
The direct transfer method depends on a tissue culture 
system that allows regeneration of mature, fertile plants 
from protoplasts. However, in the cereals, it had at the 
time of this invention been possible to regenerate only 
rice from protoplasts. Attempts to regenerate maize 
protoplasts into fertle plants had been unsuccessful. 
See, «.g., Graves et al., Theor. Appl Genet. 54:209-214 
(1979). 

It has recently been demonstrated that naked RNA 
can be introduced and expressed in whole cells of dicat- 
yledonous plants (dicots) by means of electroporation. 
Morikawa et af., Gene 41:121-124 (1986), have shown 
that tobacco mosaic virus (TMV) RNA may be intro- 
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duced into mesophyll cells of Nicottans, through intact 
cel} walls. This is the first and only presently known 
example of introduction of naked penetic material into 
intact cells and is stated to have produced cells with 2 
low survival rate. It was not clearly demonstrated that 
the cells were actially transformed rather than infected, 
Additionally, the procedure has been shown to work 
only on individual cells of dicotyledonous plants. Even 
if electroporation of individual monocot cells was to be 
successful in the future, there is sui] the unsolved prob- 
lem of regenerating monocot, and in particular maize 
cells into whole fertile plants. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 shows a plasmid wap for plant transformation 
vector p ZO 1016. 

FIG. 2 shows a plasmid sap for plant transformation 
vector p ZO 940. 


DISCLOSURE OF THE INVENTION 


The present invention relates to a novel process for 
preparing transformed plant cell material which is ge- 
nelically stable, which process comprises the lransfor- 
mation of plant ccll material using long-term non-pulsed 
electric current (electrotransformation). 

More particularly, the process of the present inven- 
tion comprises placing the plant maternal and a transfor- 
mation solution comprising DNA in close proximity to 
each other within a field witch is subject to the passage 
of an clectrical current in a direction to transport the 
DNA by the current toward and into the plant matenal, 
and passing an electric current through said field for a 
time sufficient to effect such transformation. In a pre- 
ferred embodiment, the transformation solution further 
comprises a membrane-pemneating agent, which Is also 
transported by the electric current. 

The present invention utilizes a more constantly, 
longer applied (non-pulsed) electric force which trans- 
ports the DNA to and through the cell wall and mem- 
brane, in contrast to electroporation or electroinjection 
techniques in which short pulses of electric current are 
used to punch transient holes in the cell membrane to 
allow entrance of DNA. 

The method of this invention bas several advantages. 
It allows the penctration of numerous layers of cells 
such that whole tissues rather than single cells may be 
used. The cells are not injured; they maintain their via- 
bility and can be used for the production of mature, 
fertile plants. The method also allows for the transfor- 
mation of plants which had previously not been success- 
fully transformed. 

The invention also relates to a roethod for producing 
a transformed fertile plant comprising contacting plant 
material with a transformation solution comprising 
DNA in the presence of an electric current for a ume 
sufficient to effect transformation and culturing the thus 
transformed plant material under culture conditions. 

Therefore, in one embodiment, the present invention 
is directed to a plant cell line, cultivar or variety pro- 
duced by the above method enriched in cells having in 
their genome DNA originating from a source other 
than the host or recipient cell and capable of regenerat~ 
ing into fertile plants. 

In yet another embodiment, the present inventon is 
directed to differentiated plant material comprising 
eclls that are transformed by DNA such as plants, plant 
organs, seeds, policn and the like. 
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3 
These end other embodiments of the present inven- 
tion will be readily apparent to those of ordinary skill in 
the art from the following description. 


DETAILED DESCRIPTION 


In describing the present invention, the terminology 
used herein is intended to be used in accordance with its 
current accepted meaning in the art. To the extent that 
accepted meanings do not exist or are ambiguous, tic 
following definitions are controlling: 


10 


“PSlectrotransformation” (ET) is the process whereby} 


genetic material is taken up into a host cell and subse- 
quently becomes part of the host cell genome by utiliza- 
tion of long-term, non-pulsed electric current for a suifi- 
cient time to effect transformation. 

Plant “tissue” is a population of cells. 

“Embryo" is the stage in development in which spe- 
cific organs or organ systems are not visibly differenti- 
ated, but cell compartments which will give tise to 
organs are present, 

“Callus” is the cluster of plant cells that results from 
tissue-culturing a single plant cell or tissuc, 

“CM(30)" media is artificial com medium, the com- 
position of which is described in Tabic A. 

“MTM" media is artificial liquid medium useful for 
culturing maize tassels, the composition of which is 
described by Pareddy, Greyson and Walden, Planta 
170:141 (1987). 

“BSS” media is artificial medium for Brassica stem 
strips, the composition of which is described in Table B. 

“TMM" media is artificial medium for culturing to- 
mato embryos, the composition of which is illustrated in 
Table C. 

A plant “protoplast” is a plant coll which has had the 
cell wall removed, usually by enzyme digestion, but 
which is bounded by a cel] membrane. 

‘Meristem” or “meristematic tissue” are cells that are 
fully capable of further division, giving rise, in turn, to 
embryonic, primary or secondary tissue. 

A cell “tranformed" by DNA is a cell that contains 
said nucleic acid, or a descendant thereof through mito- 
sis or meiosis which still retains the said DNA sequence 
in its genome. 

“TAE” =tris-acetate EDTA. 

“BMS"= Black Mexican Sweet. 

“HSA"= Bovine Serum Albumin. 

The present invention envisages the transformation 
of plant cell material with DNA. The ability to trans- 
form, for example, crops such as maize with DNA or 
other nucleic acid and to regenerate plants therefrom is 
of obvious importance to the agricultural industry. 

The DNA employed in the process of the invention 
would be conveniently in vector form, preferably in 
plasmid form, which plasmid is genetically manipulated 
using standard recombinant DNA techniques well 
tnown to those skilled in the art, so as to contain DNA 
with which it is desired to transform the plant material. 

Plant material transformed with DNA, or cells de- 
scended therefrom via mitosls or meiosis, will be identi- 
fiable structurally since the portion of the genome in- 
corporating said DNA sequence will be substantially 
non-homologous to the same genomic region in a cell 
from the pre-transformation source of the tissues, i.c. 
the wild-type variety or strain. 

DNA suitable for use in this invention would include 
any DNA originating from a source other than the host 
or recipient cell. Examples of such valuable DNA 
which may be used in the electrotransformation process 
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of this invention could thus include DNA encoding 
zein, the storage protein of com, or tissue-specific pro- 
moters such as those from maize genes that can be used 
in chimeric constructions (e.g. the alcohol dchydro- 
genase (ADH) promoter which ts inducible in roots). 

A preferred class of DNA suitable for use in this 
invention can be classified as foreign DNA. Foreign 
DNA may be defined as any DNA originating from 2 
source other than the host or recipient plant. Foreign 
DNA includes, for example, noa-host plant DNA, syn- 
thetic DNA sequences, sequences produced by recom- 
binant DNA. techniques, bacterial, fungal, viral or ani- 
mal DNA sequences and so on. 

Suitable foreign DNA can include non-host plant 
promoters such as T-DNA promoters from Ti and Ri 
plasmids, plant virus promoters (e.g, CaMV, TMV, 
BMY, etc.) and the like. Suitable foreign DNA can xiso 
include foreign structural sequences from the genes for 
chloramphenicol acetyl transferase (CAT), neomycin 
phosphotransferase II (npt-IT, nopaline synthase 
(NOS), §-galactasidase (8-Gal), " B-glucuronidase 
(GUS), the glyphosate resistance gene (EPSP, which is 
the enzyme conferring resistance to glyphosate-5-cnol- 
pyrivylshikimate-3-phosphate synthase) and the Bacil- 
lus thuringienesis (B.L.) genes for a crystal protein insect 
toxin, See, ¢.g., Adang et al (1985) Gene 36:289-300; 
Wong et al., Proce. 9th Int Spore Cong., pp. 104-103 
(Hoch & Sctlow eds. 1985). Examples of Bacillus thu- 
ringiensis type genes include the Bt. var kurt 
(B.Lk.) gene coding for a protein toxin toxic to lepidop- 
terous larvae, particularly Noctuidea, more particularly 
Heliothis zea and Heliothis virescens and Spodoptera 
species such as Spodoptens cxigua and Spodoptera frugi- 
perda; and the 2.t var tenebrionis (B.Lt) gene coding 
for a protein toxin toxic to Coleoptera pests, particu- 
larly Chrysomelidae, more particularly Diabrotica spe- 
cies such as D.longicornis, D.undecimpunctata and D. 
virgifera and Leptinotarsa species such as L.decem- 
lineata. The aforementioned Heliothis, Spodoptera, and 
Diabrotica species are pests infecting crops such as 
cornu. Foreign DNA can also include synthetic genes, 
such as synthetic DNA. sequences based upon native 
host plant genes (¢.g., an altered or mutated zein gene 
which changes the amino acid composition of the maize 
storage protein). The foreign DNA of the present in- 
vention can involve chimeric constructions such 25 
promoter/structural sequence combinations heterolo- 
gous to cach other. Exnumples of such heterologous 
constructions include a B.t. toxin gene under the control 
of the ADH promoter, and selectable markers, such as 
the CAT or npt-II structural sequence under the con- 
trol of 2 T-DNA promoter or a CaMV promoter. 

DNA sequences for transformation may be con- 
structed according to standard recombinant methods. 
See, eg., DNA CLONING, Vol. 1& II (D. Glover, ed. 
1985); Maniatis et al, MOLECULAR CLONING: A 
LABORATORY MANUAL (1982), both of which are 
incorporated herein by reference. 7 

Other DNA sequences or combinations of such 
which may be used in the present invention will be 
readily apparent to one of ordinary skill in the art. 

For the clectrotransformation process of the present 
invention, any non-protoplastic plant maternal may be 
utilized. Thus, for example, plant tissues, embryos, mer- 
istematic tissue such as tassel or car menstem, axillary 
buds, stem strips, callus or cell suspensions may be 
transformed. Enuibryos are particularly preferred. The 
plant material is conveniently in excised form. 
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In some cases it may be advantageous to subject the 
plant material to enzymatic digestion prior to electro- 
transformation. 

Suitable digestion median contain protoplasting cuo- 
zymes such as cellulase, hemicellulase, pectinases, etc. A 
typical such medium is shown in Table D hereinafter. 
The period of digestion will depend on the plant- 
material and enzymes employed but will usually be for 
a period of from 20 to 90 especially from 40 to 60 min- 
utes, 

Orientation of the plant material with respect to the 
directional movement of DNA can also affect the fre- 
quency of ET-cevents. Thus in the case of corn embryos 
the highest frequency was found in the coleoptyle/- 
shoot tissues followed by scutellum. Orientation of the 
embryonic axis and the front side of the scutcllum 
towards DNA flow optimizes ET-frequency. 

Obviously for the regeneration of fertile plants, maxi- 
mization of the ET events in the shoot/reproductive 
cells would be desirable and this can be optimized c.g. 
by partial or complete removal of other receptive tis- 
sues such as coleoptyle and scutellum prior to digestion 
and orientation of the cut surface toward the advancing 
DNA-solution. 

Although transformation can be effected in the ab- 
sence of a membrane-permeating agent, it is generally 
preferred that the transformation solution includes a 
membrane-permeating agent, a chemical which assists 
or otherwise allows the uptake of molecules which 
normally cannot enter cells. Preferred polar membrane- 
permeating agents are those which are carried, in asso- 
ciation with the DNA, to and through the cell mem- 
brane when tension resulting from the electrical current 
is applied, Suitable examples of polar membranc-per- 
meating agents include dimethyl sulfoxide (DMSO), 
lysolecithin and detergents such as sodium dodecyl 
sulphate and Triton-X, preferably DMSO. The concen- 
trations of such membrane-permeating agent used 
should be sufficient to render the cel] membrane tempo- 
rarily permeable but without destroying the integnity of 
the intracellular organelle membranes. Such concentra- 
tions may vary within wide ranges and will, ¢.g. depend 
on the plant material or species involved. More resistant 
species may stand, for example, a concentration of 10% 
DMSO. In general, good results will be obtained with a 
concentration of polar membrane-permeating agent of 
from about 1% to about 4%, preferably about 2%, by 
weight of the transformation solution. 

The transformation solution may optionally include a 
tracking dye which is useful to indicate the direction 
and progress of the DNA molecules in the electropho- 
resis system. Such dyes may be chosen from bromo- 
eresol green, bromophenol blue and xylene cyanol, for 
example. Use of such dyes is well known in the art. 

In a preferred process of the present invention, the 
plant material is excised and is placed in wells in an 
agarose gel in a horizontal gel electrophoresis system. A 
transforming solution comprising plasmid DNA and 
DMSO is placed in wells in close proximity to those 
containing the plant material. A tracking dye may op- 
tionally be included in the solution to follow the ad- 
vance of the DNA molecules. Low voltage non-pulsed 
electric current is applied, running in the direction from 
the DNA-containing transformation solution toward 
and past the plant material. Thereafter, the material may 
be washed with sterile liquid and placed on solid me- 
dium for s period of recovery, depending on the age 
and size of the matcrial treated. (Younger and/or 
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smaller tissues often require a longer recovery period 
prior to the selection process in order ta recover from 
trauma associated with clectrotransformation.) The 
issues are normally kept on the medium for 2-3 days, 
after which the successfully transformed tissues are 
selected, by, for example, exposure to a selective antibi- 
otic or herbicide. Those tissues which germinate (de- 
velop roots and shoots in the case of embryos) or grow 
and.develop chlorophyll on the selection medium have 
acquired resistance by incorporation of the transform- 
ing DNA. 

Particularly useful for subsequent regeneration are 
transfonmed cells from the scuteHum of the emnbryo. 

The voltage of the continuous electric current ade- 
quate to carry out the present invention should be sufh- 
cient to transport the DNA. in the transformation solu- 
tion toward and into the plant material fo be trans- 
formed in order to effect transformation but showd not 
exceed that which would substantially damage the plant 
cells. The voltage to be employed may vary and will 
depend on various factors such as the type and form of 
the plant materia] employed and the time during which 
the voltage is applied. Thus for example 50% of corn 
embryos will survive when exposed to a current of 200 
V for $ minutes in a gel clectrophoresis system. Volt- 
ages up to 110 V may be used without seriously damag- 
ing the corn embryo, although gerinination may be 
delayed. Voltages above 200 V should in general be 
avoided. On the other hand, transformation may still be 
obtained with a voltage as low es 8 V. In general, satis- 
factory results will be obtained when applying an elec- 
tric current of from about 30 V to about 140 V, prefera- 
bly from about 50 V to 110 V and most preferably from 
52 V to 80 V. In the gel electrophoreis system employed 
in the examples, the electrodes are 15 to 24 eg. 18 cm 
apart. Thus, for example, the application of voltage of 
50 V in such a system will result in an electric field 
strength of 50 V/18 cm or 2.78 V/cm. This gives an 
idea of the order of magnitude of electric field strength 
applied. The electric current strength produced in such 
systenis Will depend on, for example, the transformation 
solution and the gel employed and the voltages applied. 
In general, voltages of from 2 to 6 v/cm especially 4 or 
§ v/e1n produce satisfactory results. 

‘The period of time of exposure to the electric current 
is dependent on the distance between the wells contain- 
ing the plant material and the wells containing the trans- 
formation solution, on the concentration of the support 
gel and also on the size of the plant sample. Thus, the 
minimum period of time ts that time necessary for the 
DNA in the transforming solution to flow into the plant 
material samples. For example, if the distance between 
the two sets of wells in 0.6-0.7% agarose is 1 mm at 
initiation of the current, at a voltage of 52 V it will take 
wbout 13 to 15 minutes for the transforming solution to 
nove past the position of a corn embryo and it will take 
about 20 minutes for the solution to move past a larger 
lissue such as a tasse] initial. In general, transformation 
nay be obtained after exposure to the clectric current 
for about § to about 25 minutes, preferably for about 10 
to about 20 minutes. In the case of corn embryos for 
example a voltage of 4 v/cm for 20 minutes produced 
satisfactory results. 

The distance between the sets of wells, ic. those 
containing the plant material sample and those contain- 
ing the transforming solution, is dependent on the 
strength of the transforming solution and the concentra- 
tion of the support gel, such that the distance ts prefera- 
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bly greater when the gel is more dilute. Furthermore, 
time is preferably greater when the gel is more concen- 
In a preferred embodiment, the plant material ts trans- 
formed by a selectable marker gene so that transformed 
material can be isolated. Examples of such marker genes 
are, for example, antibiotic resistance genes which en- 


code for resistance to such antibiotics as kanamycin, — 


hygromycin, neomycin and chloramphenicol; genes 
encoding for herbicide resistance, such as resistance ta 
glyphosate; and color marker genes, such as the blue 
GUS or red gene for corn and luminescence genes 
as the luciferase gene. The presence of these genes al. 
lows transformed plants or their cells to be identified, 
such as, ¢.g. by survival and growth in medium contain- 
ing a selective antibiotic or following the application of 
a selective herbicide. 

In another preferred embodiment, the plant material 
‘s transformed by genes coding for traits which have 
high commercial or agricultural value, such as resis- 
tance to insects, resistance to herbicides, resistance to 
viruses, resistance to fungi, or for enzymes which will 
interfere in particular biochemical pathways, such as 
those leading to the synthesis of essential amino acids. 

In a particularly preferred embodiment, the plant 
material is transformed by plasmid DNA which con- 
tains an identifiable or a selectable marker gene and # 
DNA sequence or sequences encoding for other desired 
traits. This allows selection for the transformed tissuc 
which can then be screened for expression of co-trans- 
ferred but unselected gene(s). 

Plant material transformed according to the process 
of the present invention may be grown end regenerated 
into fertile plants. 

Genetically transformed healthy fertile monocotyle- 
donous plants are novel, The invention accordingly 
provides monocotyledonous plant material comprising 
in its genome DNA originating from a source other 
than the host or recipient cell and capable of regenerat- 
ing into healthy, fertile plants. 

The term “healthy” as used herein is intended ta 
distinguish the plants of the invention from plants 
which are naturally infected by viruses and the like. 

The invention further provides healthy, fertile mono- 
cotyledonous plants comprising in their genome DNA 
originating from a source other than the host or recipi- 
ent cell and parts thereof, in particular seeds of such 
plants. 

Preferred monocotyledonous plant material or plants 
according to the invention are crops of the Gramineae 
family, particularly cereals including rice, wheat, the 
millets, barley, sorghum, rye, oats, triticale and corn; 
more particularly cereals selected from wheat, the mil- 
lets, barley, sorghum, rye, oats, triticale and corn; and 
most particularly corn. 

It should be appreciated that the method of the inven- 
Hon is also a convenient alternative method for transfor- 
mation of dicotyledonous plants including Brassica 
species, tomatoes, sunflower, carrots, cucurbits, pota- 
toes, soybean, cotton, tobacco and the like. 

The following examples illustrate the invention but 
are not intended to limit its scope in any way. 

Temperatures are given in degrees centigrade (C.) 
and percentages (Ye) are by weight. 
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TABLE A 
CM(Q0) Medium (Liquid or Sotd} 
24S major salts 
NHNO} 1.65 g/ 
KNO4 10 gf 
C2Cl2.2H70 0.44 x/1 
MyS04¢.7H70 0.37 g/l 
KHzPO,4 0.17 2/1 
MS minor zip 
H3BO; 6.20 mg/l 
MnSO.H 70 16.20 mg/l 
ZnSO. 7H 10.4 mg/l 
KI 0.43 mg/l 
NazhoO4.2HzO 0.25 mg/l 
CuS04.5H2O0 0.0215 mg/i 
CoCh,.6HzO 0.025 mg/l 
Vitamins 
Thiamine HCA 0.25 mg/ 
L-aspara gine 14.2 mg/l 
Glycme 77 mg/l 
Crrboa Source 
Sucrpec 2 g/l 
Ager (for salid) t 2/1 
Lyistiticed water to 1 liter 
TABLE B 
BSS Medium 
4X Difco salts mixture! 500 ml 
nicotinic acid 0.5 me 
pyridoxine HC 0.5 mzg/t 
thiamine HC 1.0 mg/i 
inositol 100.0 mg/i 
naphthalene acctic acid 0.2 wf 
bentyl adenine photphaic 10 mg/i 
SUCTUS 30.0 g/l 
agar (for solid) 16.0 zA 
distilied water to 1 titer 
pH adjusted to 5.3 
Ipifoo tale mixture & a commercially rvailable mintere of the Mershigc & Shoogs 
(CHS) major aod minor alte. 4X is the rtrength of the stock solution of the euixture 
TABLE C 
TMK Medium 
4X Difco salts mixture 250 mi/t 
nicotinic acid O5 mg/l 
pyrdaxine HC 0.5 mg/l 
thiamins HCI 1O mg/i 
inotitol 100.6 mg/l 
sucrose 20.0 g/l 
agar (for solid) 2.0 4/1 
disnlied water lo i Iter 
ph adjusted to 6.0 


I hcl emnhssninsn aces 


TABLE D 
BMS Protoplasting medium (PE) 


1.OF% cellulase (Calbiochem) 
0.5% hemiceliulase (Rhorym) 
0.02% pectinase (Pactolyase Y23) 
0.596 BSA 
0.05 mi 8-mercaptocthanol 

in 100 mJ distilled water 
Caly2H20 T3535 fl 
NaCzHjO 3 HzO 1.66 g/L 


macnitol 45.00 g/L. 
pH to 5.8 with KOH, Milter sterilize and store at 4° C. 


EXAMPLE 1 


Into each of cight wells in a 0.7% agarose gel is 
placed one Stage 3 excised corn erabryo (Pionecr 3780) 
(refrigerator—synchronized for 2~7 days). Into each of 
eight additional wells, running parallel to and 1 mm 
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from the first eight wells, is placed transformation solu- 
tion comprising 15 ul (10 ug) of plasmid DNA (H83E or 
{83R), 2 ul of bromophenol blue dye and 2% DMSO. 
The embryo is positioned in its well such that the side of 
the embryo containing the meristematic tissue is facing 
the wells containing the transformation solution. 

Stage 3 cora embryos are described in Abbe & Stein, 
Am. J. Botany 41:285 (1984). : 

‘The plasmids H83E and H83R. each comprise the 
pUC 8 plasmid with a cauliflower mosaic virus (CaMV) 
35S promoter [nucleotides 7013 to 7436; see, Hohn, et 
ala, Curr. Top. Microbiol. Immunol, 96:193-236 (1982)], 
a hygromycin phosphotransferase (HPT) coding se-_ 
quence [the Bam HI fragment from pl.G83; see, Gritz 
and Davies, Gene 25:179-188 (1983)], and a nopaline 
synthetase (nos) terminator [nucleotides 682 to 437; see 
Bevan et al., Nucleic Acids Research 11:369--3 85 (1983)]. 
The HPT sequence is in the sense orientation relative to 
the promoter and terminator sequences in plasmid 
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H83E and in the antisense orientation in plasmid HBIR, 39 


relative to the rest of the plasmid. Thus if the vector 
portion of pH83R can be considered to be In a “clock- 


wise” orientation, the promoter-HPT-terminator cas- 
sette of pH83R is in a “counter-lockwise” orientation. 


In plasmid pH83E, both the plasmid and the promoter- 54. 


HPT-terminator cassette are “clockwise”. 


Each gel is placed in a horizontal gel electrophoresis 
system (BRL. H6) with 450 mi of sterile tris-acetate- 
EDTA running buffer. Gels are exposed to an electric 
current of 52 V, running in the direction from the 
to the embryos, for a period of cither 10, 12.5 or 15 
minutes. After exposure, the embryos are rinsed with 
sterile liquid CM(30) medium and placed on solid 
CM(30) medium for 3 days. The embryos are then trans- 
ferred to CM(30) 
gromycin. The embryos are scored at 1] and 14 days 
after clectrotransformation treatment, with the follow- 
ing results: 

At 11 daysall embryos from all treatments had gerrni- 
nated (had developed roots and shoots). At 11 and 14 
days the seedlings recorded under Table E (out of 
total of cight in each treatment) were grecn, indicating 
acquired resistance to hygromycin by incorporstion of 
the pLG83 gene. Nonstransformed, hygromycin- 
selected controls turned chalk white and ceased to 


grow. “5 
TABLE E 
Number of Green Secdlings 
Ceatrol* HaiE HA&Ik 
Day O min. 10 125 i$mm W- 125 15 min 30 
i G 4 4 4 6 3 3 
14 3 4 4 a § 3 3 
Vibe positive eoatrol eaabryos were transformed as for the test but with » plasmid 


aot eootzining the HPT gence pequence, 
raycin conixining cocliuey thus demonstrating that the transformation doct bot 
effort the abdiry of the eabryos to form seecilingt. 


EXAMPLE 2 


At 14 days after treatment with the H&83E or H&3R 
plasmid DNA, the green seedlings from cach test group 
in Example 1 are collected and ground up, and the 
nucleic acid is extracted following the cetyltrime- 
thylammonium bromide (CTAB) procedures described 
by Rogers ct al., Plant Mol Biol. $:69 (1985). 

‘The harvested seedling tissue for each group is 
ground to x fine powder in liquid Nz or dry ice and 
placed in 4 test tube. The mixture is warmed slowly to 
65 and a solution of CTAB [2% CTAB (w/v), 100 mM 


DNA 45 


medium containing 100 ug/ml of hy- ,, 


55 
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Tris (pH 8.0), 20 nM EDTA (pli 80), 1.4M NaCl and 
1% PVP (polyvinyipyrrolidone)) at 1 ul/mg ts added, 
followed by heating at 65 for 3 mia. An equal volume of 
phenol and sevag (CHCls:isoamyl alcohol at 24:1) is 
added and mixed. The mixture is centrifuged at 11 kx 
for 30 sec., after which the top phase is transferred to a 
new tube, and CTAB (10% weight/volume) and 0.7M 
NaCl are added. Centrifugation is repeated, and the top 
phase is again separated and diluted with CT AB and 
NaCL One volume of CTAB precipitation buffer [1% 


CTAB, 50 mM Tris (pH 8.0) and 10 mM EDTA (pH 


8.0)] is added with gentle mixing, and the mixture is 
centrifuged for 1 min. The supernatant is discarded; the 
pellet is dissolved in high sidt Tris-EDTA (10 mM Tris 
(pH 8.0), 1 mM EDTA (pli 8.0) and 1M NaC}] and is 
heated to 65 for 10 min. After complete rehydration, tbe 
nucitic acids are reprecipitated with 2 volumes of etha- 
nol and then pelleted by centrifugation for 13-15 min. in 
a cold room. Mitigels were run on all samples and 
showed the presence of DNA. 

For dot blot analysis, the extracted DNA is heated to 
100°, 20X SSPE is added and the solution is cooled and 
transferred to a nitrocellulose membrane. It is hybrid- 
ized with nick-translated DNA (BRL. Kit lot #5210, 
and H8&3E). See, Rigby et al., J. Mol Biol, 113:237 
(1977). The nitrocellulose is rinsed in 2XSSPE and 
0.1% SDS and then heated at 50° for 1 br., followed by 
agitation in 1X SSPE and 0.19% SDS at room tempera 
ture for L hr. and then exposure to x-ray film. See, 
Maniatis et al. (1983) Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor Laboratory). The results 
of the dot blot analysis indicate strong hybridization- 
transformation occurred in 10% of treated samples. 

SSPE in a 20X stock solution is made from 3.6M 
NaCl, 200 mM NaH2PO, (pH 7.4) and 20 mM EDTA 
(pH 7.4). 


EXAMPLE 3 


Tassel initials (1.0-1.5 cm long) of maize (cvz. Oh 43 
and S$c60) are dissected aseptically, as described by 
Pareddy and Greyson, Plant Cell Tissue Organ Cult 
§:}19-128 (1985), and kept on MTM media until elec- 
tro-transformation treatment. Following the procedure 
of Example 1, the tassels and transforming solution 
comprising either 4) 8 ul (10 ug) of H8&3E plasmid, 2% 
of DMSO and 29 vl of distilled water, or b) 15 ul (10 ug) 
of H83R. plasmid, 2% of DMSO and 22 ul of distilled 
water are placed in a 0.7% agarose gel in an electro- 
phorests system apparatus and exposed to an electric 
current of 52 V for 13 min, Following exposure, the 
tassels are removed to sterile CM(30) media with 50 
ug/ml of gentamicin added (for antibacterial purposes) 
and are rinsed gently for a short period. They are then 
placed in sterile flasks containing 50 mi of MTM media 
and the flasks are placed on a window sill. Two days 
after treatment, $5 ug/ml of hygromycin ts added to each 
flask. 

Six days after addition of the hygromycin, 1 out of 3 
H83R-treated tassels had died (had stopped growing 
and bleached white). Ten days after the addition, 2 out 
of 1$ H83E-treated tassels had died. Thirteen days post- 
addition, 2 more H83E-treated tassels had died. The 
remaining tassels continued to grow and stay green 
through 25 days after addition of the hygromycin. One 
of the tassels treated with H83E produced pollen, a5 
well, 
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EXAMPLE 4 


Following the procedures of Example |, stem strips 
(approx. 1X 3X4 mm) taken from the upper two nodes 
of the shoot in the bud of broccoli, Brassica oleracea cv. 
itatica CrGC-9 (Crucifer Genetics Cooperative-9) are 
placed in a 0.7% agarose gel in an electrophoresis sys- 
tem apparatus along with transformation solution com- 
prising 15 ul (10 ug) of pZ025 plasmid DNA, 2 ul of 
bromophenol blue dye and 0.3 ul (2%) of DMSO, and 

to an electric current of $2 V for about 15 min. 

Plasmid pZ025 is the same as H83E (from Example 1) 
except that the HPT coding sequence consists of the 
nucleotides 197 to 1251, modified by replacement of a 
guanine at position 206 by an adenine. 

Following exposure, the stem strips are removed to 
sterile BSS medium for a short time, then to selection 
medium containing 20 ug/ml of hygromycin for 1 week 
and finally to medium containing 5 ug/mi of hygromy- 
cin for 1 week. Twenty-four stem strips produced callus 
when removed to BSS media without hygromycin. 
After 2 months they generated shoots, and were trans- 
ferred to soil in a mist chamber to generate roots. 

Leaves from two hygromycin-selected Brassica were 
cut into pieces and subjected to secondary selection on 
BSS media containing 25 ug/ml hygromycin. These 
pieces remained green and formed shoots. When they 
were removed to BSS with | strength salts and no hy- 
gromycin, they also rooted. 

Leaves of these same two primary transformants 
were also analyzed for the presence of the hygromycin 
gene. Each leaf (approx. 0.2 g) was frozen in liquid 
nitrogen and ground to a powder in a mortar. 1.5 ml ice 
cold sucrose buffer (containing 15% sucrose, 50 mM 
TRIS pH 8.0, and 50 mM EDTA) and 0.25M NaCl 
were added to the tissue in the mortar and grinding was 
continued. The slurry was poured into a 5 mi Wheaton 
ground glass homogenizer and ground by hand for 5-10 
passes. The slurry wes then transferred to a 1.6 mi ep- 
pendorf tube and centrifuged for 3 min at 6500 rpm. The 
crude nuclear pellet was then resuspended in 0.5 ml of 
‘ce cold sucrose buffer (as above, but without NaC). 1 
pl dicthylpyrocarbonate was added and the suspension 
was vortexed at room temperature. Next, 5 pl of 20% 
SDS was added and vortexed, then heated at 70° Cc for 
10 minutes. $0 pl of 5M potassium acetate was added 
and the solution was vortexed. The tube was then 
cooled on ice for 30 min. 

‘The potassium-SDS was precipitated and centrifuged 
for 15 min at 4° C, The superatant was transferred to a 
clean 1.5 ml tube, and repeatedly extracted with phe- 
nol:chloroform until the color disappeared and the in- 
terface was clean. An ethanol precipitation was pet- 
formed and the solution was centrifuged for 5 min at 
room temperature to recover DNA. 

Transformants were analyzed for the presence of the 
introduced bygromycia gene. The total DNA was 
quantitated and cut using the restriction enzyme TAQ 
1. The DNA fragments were separated using horizontal 
gel (0.7% agarose) electrophoresis at 70 V for about 3 
hrs and transferred to a Biorad Zeta Probe membranc. 
‘The alkaline blorting procedure for DNA capillary 
transfer was followed, as specified in the Biorad Zeta 
Probe Blotting Membranes Instruction Manual and sct 
forth below: 

1. DNA was depurinated by soaking the gel in 0.25M 

HCl for 10-15 min. 
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2. Cut four sheets of Whatman JMM paper so that 
they overhang the bottom of the gel tray by 5 cm 
on each end. Pre-wet the Zetu-Probe membrane in 
distilled water. 

_ Place the four sheets of Whatman JMM paper on 
an inverted gel casting tray. Place the IMM/tray in 
the bottom of a deep dish. Then saturate the IMM 
with 0.4 NaOH. Remove bubbles by repeatedly 
rolling a test tube over the saturated IMM. Pour 
enough NaOH into the deep dish so that the 3M 
wick ends are immersed in NaOH. 

Pour more NaOH onto the 3MM wick to saturate 
it, then carefully place the gel on the 3MM. Make 
sure that no bubbles are trapped beneath the gel. 
Cover the gel with a small amount of NaOH. 

_ Place Saran Wrap plastic wrap over the entire 
gel/3MM stack Cut out a window with a razor 
blade, allowing only the gel to emerge. 

. Lower the sheet of pre-wetted Zeta Probe mem- 
brane onto the gel surface, making first contact in 
the center, then allowing the edges to gradually 
fold down. Carefully flood the filter surface with 
NaOH. Make sure that no bubbles are present be- 
tween the gel and the Zeta-Probe membrane. 

, Cut two pieces of 3MM exactly to the gel size. Wet 
a sheet of pre-cut 3MM paper in water and place it 
on the Zeta-Probe membrane/gel stack, then re 
peat with a second sheet. 

. Place a stack of pre-cut paper towels on the 

3MM/Zeta-Probe membrane/gel stack. Cover the 

paper towel stack with a glass plate. Tape the plate 
to the edges of the transfer dish, putting pressure 
on the stack. Add a small weight to the plate. 

Continue transferring for 2-24 hours, depending on 

the gel concentration and fragment size. 

10, After transfer, remove the stack of paper towels. 
Gently peel the Zeta-Probe membrane from the 
surface of the gel, rinse it in 2 SSPE and air dry. 
DNA is fixed to the membrane during transfer. 


Led 


LA 


9. 


Hybridization 
Prehybridtzation 


_ Seal blotted Zeta-Probe membrane inside a heat- 
sealable plastic bag. Prepare the following solution 
for pre-hybridization. 

1.5 SSPE 
1.0% SDS 
0.5% BLOTTO 
0.5 mp/mli carner DNA 
The carrier DNA must be denatured, before adding it 
to the hybridization solution, by heating at 100° C. for 5 
min., followed by rapid cooling in ice. 
>. Cut one corner of the plastic bag and pipet prehy- 
bridization solution in, then reseal the bag. 
3. Incubate at 65° C. for 0.5-24 hrs. 


Hybridization 

1. Inarmediately before use, fragment and denature the 
probe and carrier DNA. Dissolve the radio-labeled 
probe in 0.1 ml of 0.2M NaOH, add 0.5 ml carrier 
DNA (10 mg/ml), mix, and centrifuge briefly to 
consolidate the solution. Pierce a fine hole in the 
tube cap. Place the tube in a heating block at 100° 
C. for 5 min., followed by rapid cooling in ice. 

2. Cut one comer of the plastic bag, add probe, then 
seal the open corner (taking cure to exclude all air 
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bubbles). Mix the contents of the bag thoroughly. 
Incubate at 68" C. for 4-24 hrs, with agitation. 


Washes 


_ At the completion of hybridization, remove the 
membranes from their hybridization bags and place 
them in 2XSSC. Rinse briefly, then wash them 
successively by vigorous agitation at room temper- 
ature for 15 min. in each of the following solutions: 
2xSSC/0.1% SDS 
0.5xSSC/0.1% SDS 
O.1xSSC/0.1% SDS 

2. After washing, the blotted membranes are ready 

for autoradiography. 

An isolated 1 kb fragment of the hygromycin gene 
was labelled with 32-P CTP according to the low melt 
agarose procedure given in the Amersham Muliprime 
DNA Labelling Systems Manual (see below). Diagnos~ 
tic 1.4 and 0.7 kb fragments were present in the DNA of 
transformed plants and absent from control DNA. 


DNA Labelling Protocol 


1, Dissolve the DNA to be labelled toa concentration 
of 25 pg/ml in cither distilled water or 10 mM 
Tris-HCI, pH 8.0, and 1 mM EDTA. 

2. BDenature the DNA sample by heating to 95°~100° 
C. for two min. in a boiling water bath, then chill 
on ice. 

3. Add the appropriate volume of each reagent in the 
following order (solutions, tables and figures ace 
found in the Amersham DNA Labelling Systems 
Manual): 


— 


ee garner meen 


REN.1600 RPN.! 601 
DNA solution (25 ng) t-10 ui }~ {0 ul 
Bulfer (solution 1) one 19 w 
Unlabelied dNTPs 4 ul of each. wees 
(solutions In~Id) omitting thore to 

be used as abel 
Buifer (solution Ic} $ ul — 
Primer (tolution 2) § ul Sal 
W alct 2s approprinte for 

fina] reaction 

volume of 50 ul 
Radiolabeled dNTP(:) refer to table I aod 

FIGS. 2, Jand 4 
Enryme (solution 3) zul Zul 


wT he rranion volume inay be scaled up of down if moct o¢ fox than 2.5 bg of DNA 
i te be labelled. 


4. Incubate at room temperature overnight. 

5. Clean up with clutip to remove unlabelled nD TPs. 
6 Denature and add to hybridization solution. 

4. Hybridize as described in BioRad protocol (above). 


EXAMPLE 5 


Following the procedures of Example |, Stage 3 
excised com embryos and the transforming solution 
comprising 15 pl (10 ug) of pZ033 plasmid DNA, track- 
ing dye and 2% DMSO are placed in a 0.7% agarose gel 
in an electrophorests system apparatus and exposed to 
an electric current of 52 V for 13 min. 

Following exposure, the embryos are rinsed with 
sterile liquid CM(30) medium and placed on solid 
CM(30) medium. No attempt was made to select for the 
exogenous DNA. The resulting seedlings are raised in 
the normal manner to adult corn plants, which are then 
cross-pollinated to give F; plants. Seeds from the cobs 
of the F; plants are germinated and grown for 1 week 
and then sacrificed for use in the CAT assays. Addi- 
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tional seeds from the resulting potentially positive cobs 
are planted and the roots from the resulting plants ere 
harvested and tested in the CAT assay. Of the first eight 
potentially transformed cobs, two showed transforma- 
tion. 

Leaves of CAT positive F-1 transformants are ana- 
lyzed for the presence of the introduced CAT gene 
sequences. Procedures for extracting, cutting, separat- 
ing, blotting, and probing the DNA were consistant 
with those given in Ex 4. A diagnostic [.2 kb fragment 
is released whenever the pZ033 (35S-CAT-NOS) plas- 
mid or genomic DNA transformed with the plasmid is 
cut with the restriction enzymes Hind I] and ECO RV 
and probed with the CAT gene. In this progeny family, 
the 1.2 kb fragment is always associated with a 1.4 kb 
fragment. The DNA extracted from the tassel used to 
produce this F-1 family and {rom all positive individuals 
contained the 1.2 kb and 1.4 kb fragments. In contrast, 
all controls (nuclear DNA from 3780, total DNA from 
3780 and F-! hybrid 3780) lack these fragments. 

Plasmid pZ033 comprises 2» CaMV 35S promoter 
(nucleotides 7069 to 7569) in the Sac site of pUCI9 
(commercially available from Bethesda Research Labo- 
ratories), the 773 bp chloramphenicol acctyl transferase 
(CAT) gene from Tn {see, Alton and Vapnek, Nature 
(London) 282:864-869 (1979)] whose Taql ends are 
changed to PstI, in the Pst site, and a 3’ nopaline synthe- 
tase polyadenylation sequence (3° nos) (nucleotides 682 
to 437) between the PstI and the Hindlll sites. 

The CAT assay is as follows: 


CAT ASSAY 


1. Extraction of seedling or other tissue 
A, Seedling or tissue is ground in 150 pl (or multi- 
ple thereof) 0.25M Tris-HCI pH 7.8. 
B. Sample is sonicated—3 pulses #2 sctting—on 
ice. 
C. Sample is centrifuged for 3 min. at 12 ke and 
supernatant transferred to a clean tube. 
D. Sample heated to 65° in water bath for 12 min., 
then cooled to room temp. {15 on bench). 
E. Sample centrifuged for 30 sec. supernatant 
pulled and used for CAT assay. 
Set up one tube for each reaction. Also set up 4 con- 
trol tube for the CAT from E. coli. (13x 100 cm 


tubres). 
Negative Potential Positive 
Control Plasmid 1 CAT Contre! 
Supematant 100 ul 100 ul _ 
1 mM Tris pH 7.8 — — ul 
CAT (0.5 unit/ul) om a bul 
“HC Chiorampbenicol Yul 3 ul ul 
B29 37 wl 57 ul $7 ul 





ceneess aarerretAarererrryinnhbbbbbdrPrPypAcnD AAA A/E PALA tas As BALI TOS TOY TTT TTT TN 


Incubate 5 min, at 37° C. (this is to bring rxp. mix to 
incubation temperature). Then add: 


4 mM Acctyl CoA _ 20 ut 


186 «ul 


20 ul 
180 no] 


20 ul 
i 40 al 


4. Incubate sarnples at 37° C. for 1-2 hours. 

4, Stop reaction with 2 ml cold water-saturated ethyl 
acetate. Add 1 ml} H20 to make the interface more 
visible. 
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$. Cover tube with parafilm and vortex on #1 for 
approximately one minute. 

6. Spin in TEC for 3-5 min. on #5. 

4. Transfer top layer to small tubes (13X75). 

8. Dry under Nz in hood till dry (approximately 45 
minutes; avoid overdrying). 

5, While samples are drying, prepare the TLC tank 
with solvent: 100 ral of 95:5 chloroform:methanoL 
Place a wick in the tank for all sides. 

10. Prepare 2 20X20 cm silica 60 gel ‘TLC plate. 
Mark a line in pencil 1.5 cm from the bottom. Mark 
sample positions with intersecting lines. Separation 
is by ascending chromatography. 

11. After the samples have dried down, resuspend 
them in 30 pl of ethyl acetate (not water saturated). 

12. Spot samples in very small arca with a 10 pl mi- 
cropipet. Have a hair dryer blowing over the plate 
while spotting. : 

13. Place plate in the tank and let solvent front reach 
approx. 3 mm from the top of the plate (40-50 
minutes). 

14. Let the plate air dry for fifteen or twenty minutes 
in the hood, then place in a cassette with a piece of 
film (preflashed) at room temperature overnight. 

15, Develop the film the next day. Put down again for 
a longer exposure if needed. 


EXAMPLE 6 


Following the procedures of Example |, tomato em- , 


bryos (Burpes's Super Beefsteak VFN) are placed in the 
wells of a 0.7% agarose gel in a horizontal electropho- 
resis system beside the wells containing a transforma- 
Hon solution comprising 10 ug of pZO 60 or pZO 67 
plasmid DNA, 2% DMSO and bromophenol blue 
tracking dye. The embryos are exposed to a continuous 
electric current of 52 V for about 15 min. 

After clectrotransformation, the embryos are re- 
moved to tomato media for 2-3 days recovery. Theo, 
they are placed on selective tomato media which con- 
tains 25 ug/ml hygromycin for 10 days. None of the 
untreated control seedlings survived this selection. 
Transformants are rescued to tomato media containing 
0.5 mg/l indoleacetic acid (LAA) and rooted before 
being transplanted into soil. 

Leaves of these primary transformants are analyzed 
for the presence of introduced DNA, specifically the 
hygromycin gene. Total DNA is isolated from the plant 
tissue, cut with the restriction enzyme TAQ I, sepa- 
rated, blotted and hybridized as detailed in Example 4. 
Diagnostic hygromycin fragments (1.4, 0.7 and 0.4 kb) 
were present in the DNA of transformed plants and 
absent from the control DNA. 

The plasmid pZO 60 comprises the plasmid pUC 8 
with the 35S promoter, HPT coding sequence, and the 
nos terminator of pZO 25 (see Example 4) immediately 
followed (in tandem) by a second copy of the 355 pro- 
moter, the CAT coding sequence of pZO 33 (see Exaru- 
ple 5) and a second copy of the nos terminator. 

The plasmid pZO 67 consists of the plasmid pUG 8 
with the 35S promoter of HS8E (see Example 1), the 
B-glucuronidase (GUS) coding region on a Pst I frag- 
ment from pRAJ-260 (Jefferson, R. A., Burgess, S. M. 
and Hirsch, D., Proc. Nath Acad. Sci. USA 
83-8447-8451 (1986)], and the nas terminator, immedi- 
ately followed (in tandem) by the 35S promoter, HPT 
sequence, and nos terminator of pZO 25 (see Example 
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EXAMPLE 7 


Following the procedures of Example 1, stage 3 corn 
embryos are placed in the wells of 2 0.7% agarose gel in 
a horizontal electrophoresis system beside the wells 
containing a transformation solution compmising 10 ug 
of B.tk/HPT plasmid (pZO 85-BTK/HPT) DNA, 2% 
DMSO and bromophenol ‘blue tracking dye. The em- 
bryos are exposed to a continuous electric current of 52 
V for about 15 min, after which they are removed to 

M(30) medium and selected for acquired hygromycin 
resistance. Those seedlings showing resistance are 
raised to larger seedlings and tested by standard bioas- 
say procedures for resistance to the tobacco budworm 
(Heliothis virescens). Bacillus thuringiensis var. kurstaki 
(B.t.k.) produces an insecticidal toxin active against the 
tabacco budworm which is a pest not only in tobacco 
but in corn and cotton as well. 

The plasmid pZO 85 is constructed as follows. The 
Sall-EcoRI fragment containing the B-glucuronidase 
(GUS) coding sequence from pRAJ 275 (commercially 
available from Clontech Laboratories) was modified to 
change the EcoRI site at the 3 end toa Pst! site. A 
feature of this GUS gene is that an Ncol site straddles 
the initiator codon (ATG) of the coding sequence, p2O 
85 consists of the 35S promoter and nos sequences as 
found in pZO 33 (see Example 5) and the Sal-Pst frag- 
ment described above (in place of the CAT gene). 

pZO 85-BIK/HPT is prepared by substituting the 
Neo-Pst fragment of pAMVBTS containing a modified 
B.tk. sequence [Barton et al. Plant Physiol 85:1103 
(1987)j for the Neol-Pst! fragment of pZO 85. This 
sequence is immediately followed (in tandem) by the 
35S promoter and nos terminator of pZO 33 (see Exam- 
ple 5) with the HPT sequence of pZO 25 (see Example 
4), 


EXAMPLE 8 


Following the procedures of Example 1, Stage 3 corn 
embryos are placed in the wells of 10.7% agarose gel in 
a horizontal electrophoresis system beside the wells 
containing a transformation solution comprising 10 ug 
of B.L/HPT plasmid (PZO 85-BTT/HPT) DNA, 2% 
DMSO and bromophenol blue tracking dye, The ¢m- 
bryos are exposed to a continuous electric current of 52 
V for about 15 min., after which they are removed to 
CM(30) medium and selected for acquired hygromycin 
resistance. Those seedlings showing resistance are 
raised to larger seedlings and tested by standard bioas- 
say procedures for resistance to the com root worm 
(Diabratica spp.). Bacillus thuringiensis var. tenebrionis 
(B.t.t) produces an insecticidal toxin active against 
coleopteran insects, of which corn root worm is an 
example. 

pZO 85-BTT/HPT is prepared by substituting the 
Noo-Pst fragment of a modified B.t.t sequence [see 
Sekar et al., Proce. Natl Acad. Sci 84:7036-7040 (1987)], 
which has been modified at the ATG start codon to 
contain a Neol site and at the 3’ terminus of the coding 
region to produce a Pstl site, for the Nco-Pst fragment 
of pZO 85 (see Example 7). This sequence is jmmedi- 
ately followed Gin tandem) by the 35S promoter and nos 
terminator of pZO 33 (see Example 5) with the HPT 
sequence of pZO 25 (see Example 4). 


EXAMPLE 9 


In order to optintize cach of the factors which could 
influence the frequency of trinsformation it is necessary 
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to have an assay which allows for a pid and reliable 
indicator of successful transformation. \ 

This is achieved by employing plasmid DNA con- 
taining A-glucuronidase (GUS}-gene which readily 
lends itself to various assaying techniques (cf R. A. 
Jefferson, Plant Molecular Biology Reporter 5(4), pp 
387-405, 1987) including the histochemical assay de- 
scribed below. The DNA employed: (pZ0106 and 
pZ0940) is shown in FIGS. f and 2. ; 


PROCEDURES 


10 


Standard materials and conditions for ET are used inf 


16 initial experiments, Standard materials are stage 3 
sweet corm embryos and standard conditions include 
digestion of the embryos with BMS protoplasting me- 
dium (PE Table D) for 20 minutes and directional elec- 
trophoresis in 1X TAE at 4 V/cm for 20 minutes, The 
transformation solution which contained 2% DMSO 
and 10 pg plasmid DNA (pZO 1016, 35S-IVS6-GUS- 
NOS) per embryo is loaded into an agarose well and 
electrophoresced into (and past) a second agarose well 
containing the digested embryo. Following transforma- 
tion, the embryos are cultured on modified MS medium 
(CM(30) Table A) (Green and Phillips, Crop Science 15 
pp 417-421 1975) in a growth room. Embryos are cither 
assayed for GUS activity after 48 hours or scored for 
viability, normal shoot and root development, and chlo- 
rophyll production after at least five days In culture. 
Although GUS activity is fully visible within 24 hours, 
after 48 hours both shoots and roots have elongated 
away from the scutellum which allows more accurate 
mapping of ET events. 

In experiments designed to optimize ET, one experi- 
mental condition is altered at a time; all other conditions 
remained the same unless noted. The first experiment 
investigates the length of time that the embryos are 
digested before ET. The embryos are agitated in PE for 
20, 35, 50, 65 or 90 minutes and electrotransformed 
using the standard conditions above. In the second set 
of experiments, plasmid DNA concentrations of 2.5, 5 
or 10 pg per embryo are tested using the optimized 
digestion regime. Orientation of the embryos is exam- 
ined by facing cither the embryo or the keel of the 
scutellum towards the transformation solution dunng 
electrophorests. 
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The fourth parameter is amount and duration of volt- ° 


age. Initially, embryos are subjected to a range of volt- 
ages, from 4 V/cm to 7 V/cm, to idenufy voltages 
which would preserve reasonable viability (at least 90% 
survival). Then using the optimum digestion time and 

amount of DNA, embryos are treated for 20, 35, 50 or 
65 minutes at either 4 V/em or § V/em. The next condi- 
tion examines ET frequency following digestion of the 
embryos with cellulase from Calbiochem, Worthington 
or Yakult substituted by weight into PE. The form of 
the DNA. used in ET experiments is tested by compar- 
ing the frequency of ET events in embryos treated with 
equimolar concentrations of double-stranded DNA 
(pZO 1016) or single-stranded, antisense PNA (pZO 
940) both circular and coding for 8-glucuronidase. 
After combining all the best conditions from the previ- 
ous experiments, the necessity of including 2% DMSO 
in the transformation solution is reexamined. ET is opti- 
mized using the best conditions above. 

Embryos displaying ET events are eccumulated in 
ethanol, and the position of the cells displaying GUS 
activity is mapped on a diagram of the stage 3 embryo. 
The frequency of ET events in the embryo (shoot, tran- 
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sition zone, or root) and scutellum (subembryo, exposed 
surface, or keel) is calculated. Finally, experiments are 
designed to optimize the number of shoot transforma- 
tion cvents. This is accomplished by removing a large 
proportion of the coleoptyle and scutellum before the 
embryos are digested and by orienting these embryos 
sideways in the gel Jane with the cut edge/shoot apex 
pointed toward the advancing current and transforma- 
tion solution. 


Gus-Assay 


1. Place fresh tissue (whole embryo’) in microliter 
wells and cover with staining solution (50 to 100 
uL per well) taking care that tissue remains sub- 
raerged during infiltration. 

2 . Incubate tissues at 37° C. for 2 to 4 hours. Cover 
(with parafilm or plate lid) to avoid evaporation. 
Strong expression will be visible within this period. 
Weaker expression may need overnight incubation 
to be clearly seen. 

3, Examine on dissecting scope. If pigments interfere, 
fix for 24 hours in FAA (85 ml of 50% ethanol, 5 mJ 
of glacial acetic acid, 10 mi of formalin) or Famn- 
cr’s fixative (25 ml of glacial acetic acid, 75 ml of 
ethanol) to remove chlorophyll and carotinolds. 


X-Gluc Staining Solution 
Stocks Volume (nif) 


0.2 M NaPO4 buffer, pH 7.0 25 ml 
(0.2 M N2HPOA: 62 ml 
0.2 M NeH2PO4: 38 mJ) 


dH20 2.3 mi 
0.1 M K3pFe(CN)$] 0.25 mi 
0.1 M Ké4 [Fe(CN}.3 H20 0.25 mi 
1.0 M NwEDTA 0.50 mi 
10% Triton X100 0.10 ml 


errr insist san aaron rrr SA ar) PPA RAS TOP rrr nAncASAtirre 
Dimolve $ mug of X-gluc fa 20 pl of formanide, Add to solution. (X-giuc » Foreme- 
t-chloro-Lindoly| gocuroaide.) 


Results 


The first experiments alter the length of time that 
stage 3 embryos are digested. As based on visible, tran- 
sient gene expression events, the embryos which are 
digested for 50 minutes give 65% higher mean frequen~- 
cies and 90% viability. 

Using transfonpation solutions containing 2.5, 5.0 and 
10 pg DNA per embryo, three carly experiments and 
two Jater ones differing by digestion times of 20 minutes 
and SO minutes, respectively, show no difference in ET 
frequency between treatments. The only significant 
difference (p==0.01) between experiments is due to di- 
gestion time. Digestion for 50 minutes produces a 57% 
greater mean frequency. Successive experiments used 
$0 minutes digestion and less DNA, 5 pg per embryo/- 
cell, ) 

Embryo orientation is investigated by placing either 
the embryonic axis or the keel of the scutellum towards 
the transformation solution. Under standard conditions, 
only the embryo and front side of the scutellum appear 
to be fully receplive to transformation. 

Because viability is reduced at the higher end of the 
voltage range, ET experiments are limited to 4 V/cm 
and 5 V/cm for 20, 35, SO or 65 minutes. ET at 4 V/em 
for 20 minutes gives the highest transformation rate. 

In four experiments of 50 embryos per treatment, 
three sources of cellulase are substituted by weight into 
PE or used alone to digest the embryos prior to ET. 
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Digestion with Calbiochem cellulase in the PE give the 
highest ET frequency. Experiments using double- 
stranded and single-stranded, antisense DNA give mean 
ET frequencies of 28.9% and 2.99 respectively. 

In experiments using 100 predigested, healthy em- 
bryos (50 with and 50 without DMSO), the frequency 
of ET using 2% DMSO was not significantly different 
from experiments done in the absence of DMSO. 

ET events were 2.5 times more common in the tissues 
of the developing embryo than in the scutellum and 
most common, 53.8% in coleaptyle/shoot tissues. 

From these mapping studies, ft is clear that only 
slightly more than half of the transient ET events af- 
fected the shoot axis. The final set of experiments is 
designed to optimize shoot transformation by the simple 
removal of other receptive tssues and maximizing ¢x- 
posure of the shoot apex. Specifically, a large propor- 
tion of the coleoptyle and scutelium is cut away from 
each embryo prior to digestion, and that cut surface is 
oriented in the gel well toward the advancing transfor- 
mation solution. Among 153 embryos, 15 out of 17 ET 
events affected shoot tissues, 

The following is a non-limiting recital of some of the 
specific embodiments of the invention. - 

We claim: 

L. A method for transforming non-protoplastic plant 
tissue and cells comprising contacting the tissue and 
cells with a transformation solution comprising DNA 
within a horizontal electrophoresis gel in the presence 
of a non-pulsed electric current which is less than about 
200 volts for a time sufficient to effect uptake and inte- 
gration of the DNA into the plant tissue or cells. 

2, The method of claim 1 wherein the DNA is vector 
DNA. 

3. The method of claim 2 wherein the vector DNA is 
a plasmid. 

4, A method according to claim 3 wherein the pias- 
mid further comprises a Bacillus thuringiensts insecti- 
cidal toxin gene. 

5. A rmoethod according to claim 3 wherein the plas- 
mid further comprises a gene which confers herbicide 
resistance, 

6. The method of claim 1 in which the plant tissues or 
cells to be transformed and the DNA are placed in 
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separate parallel] in wells such that the electric current 
will run in a direction from the DNA to the plant cells. 

7. The method of claim 1 wherein the transformation 
solution contains 2 membrane-permeating agent. 

8, The method of claim 7 wherein the membrane-per- 
meating agent is a polar membrane-permeating agent. 

9, A method according to claim 8 wherein the polar 
membrane-permeating agent is selected from the group 
consisting of dimethy! sulfoxide, lysolecithin, sodium 
dodecyl sulphate and Triton X. 


a 10, The roethod of claim 1 wherein the plant Gssue or 


20 


40 


43 


50 


35 


65 


cells is selected from the group consisting of enrbryos, 
meristematic tissue, axillary buds, stem strips, cell sus- 
pensions and callus. 

1%. The method of claim 10 wherein the plant tissue 

or cells is from a corn plant. 

12. A method according to claim 10 wherein the plant 

tissue or cells is from a tomuito plant 

13. A method according to claim 1 wherein the volt- 

ape of the electrical current is from 50 V to 110 V. 

14. A method according to claim 1 wherein the cur- 

rent is present from about 5 to about 25 minutes. 

15. A method of producing transformed fertile plants 

which comprises 

a) placing non-protoplastic plant tissue or cells to be 
transformed into a first well of a horizontal electro- 
phoresis gel; 

b) placing a transformation solution comprising 
DNA; into a second well that is parallel to the first 
well 

c) exposing said gel comprising the plant tissue or 
cells and transformation solution to a non-pulsed 
electric current which is less than about 200 volts 
for a period of time sufficient to move the DNA to 
the plant tissue or cells and effect uptake and inte- 
gration of the DNA inta said plant tissue or cells; 

d) obtaining transformed plant tissue or cells; and 

¢) regenerating from the transformed plant tissue or 
cells genetically transformed fertile plants. 

16. A method according to claim 15 wherein the 

transformed fertile plant is a monocotyledonous plant 

17. A method according to claim 16 wherein the plant 

is corn. 

18. A method according to claim 15 wherein the 


transforined fertile plant is a dicotyledonous plant. 
‘st * 8» * a 
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Plant species are produced by cocultivation transformation 
of cotyledon shoot cultures with a foreign genc followed by 
regeneration of plants from transformed cells, thereby pro- 
ducing plants capable of expressing the foreign gene. Par- 
ticularly, tornato shoot cultures are employed and are trans- 
formed employing a manipulated Agrobacterium 
transformation system, followed by regeneration of the 
transformed plant tissuc into plants. 
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TRANSFORMATION AND FOREIGN GENE 
EXPRESSION WITH PLANT SPECIES 


CROSS REFERENCE TO RELATED 
APPLICATIONS 


This application is 2 continuation-in-part of application 
Ser, No. 07/404,723 filed on Sep. 8, 1989, now abandoned, 
which is a continuation-in-part of application Ser. No. 
06/872,532 filed Jun. 10, 1986, now abandoned, which 
disclosure is hereby incorporated by reference. 


BACKGROUND OF THE INVENTION 


L. Field of the Invention 


A method is provided for improving the genotypes and the 
phenotypes of plants. This method incorporates an Agro- 
bacterium transformation system on plant cotyledon ussue, 
particularly cotyledons previously treated with medium 
from plant feeder cells. This method may be used for 
efficiently transforming plants to provide enhanced capabili- 
ties and/or novel phenotypes. 

2. Background of the Invention 


Breeding methods for plants have been limited duc to the 
difficulty of moving genes between plant species. Therefore, 
the development of a method for genetic engineering with 
plant species is an attractive possibility. However, plant ceils 
are substantially different from other types of celis in their 
requirements for a transforming system. First, unlike uni- 
cellular microorganisms, the plant cells have a low rate of 
proliferation. Second, the plant cells are much more sensi- 
tive to their environment in relation to viability, proliferation 
and regeneration to plant. Third, in order to determine 
whether the foreign gene has been functionally integrated 
into the plant cell, it is necessary to establish that the 
regenerated plant expresses the gene product. Finally, the 
plant cell has a strong rigid cell wall, making genetic 
engineering more difficult. 

Long time intervals are involved between the manipula- 
tion of the plant cells and the demonstration of effective 
expression of the gene. It is therefore of interest to develop 
a system for transformation of plant cells and efficient 
regeneration of transgenic plants from the transformed cells. 


BRIEF DESCRIPTION OF THE RELEVANT 
LITERATURE 


A. L. Gunay et al, Plant Science Letters (1978) 
11:365-372, described in vitro regeneration from red pepper 
cotyledons, J, R. Liu et al, Plant Cell Organ Culture (1983) 
2:293-304, described regeneration from apple seedling 
explants including cotyledons. B. R. Thomas et al., Theor. 
Appl. Genet. (1981) 59:215-219, describes the regeneration 
media for tomato. The 1985 Calgene U.S. patent application 
Ser. No. 798,050 by Fillatti et al. describes the Agrobacte- 
rium of the present invention. The use of A. sunefaciens for 
transforming plants employing leaf disks is described in 
Horsch et al., Science (1985) 228:1229-1231. See also, 
Herrera-Estrella et al., Nauire (1983) 303:209~-213; Fraley 
et al., Proc. Natl, Acad. Sci. U.S.A. (1983) 80:4803-4807; 
and Bevan et al., Naftere (1983) 304:184—187. The glypho- 
sate resistant aroA gene is described in Stalker et al., J. Biol. 
Chem, (1985) 260:4724-4728, while transcriptional initia- 
tion and termination regions are described by deGreve, J. 
Mol. Appl. Genet. (1983) 1:499-511; Salomon et al., EMBO 
J, (1984) 3:141-146; Velten et al, ibid (1984) 
3:2723-2730; Garfinkel et al., Cell (1983) 27:143-153; and 
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Barker et al., Plant Mol. Bio. (1983) 2:335-350. Comai et 
al, Nature (1985) 317:741—744, describe the expression of 
a mutant aroA gene from Salmonella typhimurium in plants 
providing tolerance to glyphosate. Other reports discussing 
tumato cotyledon regeneration include: Orsay, French 
Theor. Appl Genet. 68 (4), 1984, 317-322; Sceni, S. et al, 
Canadian J. Botany 59 (10), 1981, 1941-1943; and Vauch- 
kova, V. A., Fiziol Rast (Moscow, USSR), -24 (5), 1977, 
1094-1100. 


SUMMARY OF THE INVENTION 


Methods and compositions are provided for efficiently 
obtaining transgenic plants. It is a feature of this invention 
fo use as a source of cells for transformation cotyledon 
sections, preferably sections from cotyledons obtained from 
seeds prowa under sterile conditions. The method involves 
transforming the plant cells by cocultivating cotyledon sec- 
tions using disarmed Agrobacteria comprising a DNA 
sequence of imlerest. Generally, the plant cotyledon tissue 
which is preincubated with medium conditioned by plant 
feeder cells prior to transformation. The method results in a 
high proportion of normal transformed cells, which are then 
efficiently regenerated into plants yiclding both plants and 
seeds. The technique provides for stable expression of 
introduced genes, particularly foreign genes providing 
plants having altered phenotypes. 


DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 


Novel procedures and products are provided involving the 
introduction of novel nucleotide constructs into cells of plant 
species using plant cotyledon tissue. Regeneration of the 
transformed cells into plants, provides plants which express 
one or more genes present in the construct, so as to provide 
at least one property for the plant different from the original 
cultivar, particularly a phenotypic property. 

The method employed uses injured cotyledon tissue, 
preferably preincubated with conditioned medium. The use 
of cotyledon tissue as a source of cells for transformation 
offers several advantages over other tissue sources, such as 
Icaf and stern. The advantages include uniformity of tissuc 
and a source of sterile tissue. Explant material obtained from 
growth okamber or greenhouse grown plants (ie. material 
which is not derived from in vitro grown explant material) 
must be surface sterilized prior to use. Surface sterilization 
of the tissue can damage the cells and thus interfcre with the 
repenctation potential of the tissuc. 


The preincubated plant cotyledonous tissue is coculli- 
vated in an appropriate nutricnt medium with disarmed 
transformed Aprobacterium having plant cell transformation 
capability and a DNA construct joined to a T-DNA border, 
The construct can be prepared by joining DNA fragments 
from diverse sources. It includes a gene capable of at least 
transctiption in the host ccil. The cocultivated cells are 
transferred to regeneration medium, normally having a bac- 
teriocide selective for transformed cells, when a selectible 
marker is included in the construct. After shoots form, the 
shoots are transferred to a selective rooting medium to 
provide a complete plantlet, The plantlet may then be grown 
to provide seed, cuttings, or the like for propagating the 
novel plants. The method provides for high efficiency of 
transformation of plant cells and regeneration of plants fom 
the cells. 
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The plant species which can be transformed are those 
plants employed for commerical purposes and subject to 
cultivation and management. Such plants include veg- 
etables, fruits, omamental flowers, woody species etc., such 
as the following di-, and polycotyledonous species: tomato, 
pinus, pepper, lettuce, cucumber, soybean, brassica {rape- 
seed), poplar, oramental flowers, and the like. 

Sterile seeds are employed as a source for plant catylc- 
dons. The cotyledons may be mature or immature. The 
cotyledons may have protruded from the seed or be present 
in the seed and obtained by cutting the seed and dissecting 
the cotyledons from the seed coat. For many plants, the 
cotyledons will have protruded, but for a few, c.g., pine, the 
cotyledons may be immature and obtained from within the 
secd. 


Germination for protruding cotyledons will usually be at 
least four days in an appropriate germination medium and 
fewer than aboul fifteen days, preferably from about six to 
eight days. The resulting cotyledon tissuc is used as a source 
of tissue fot transformation, being injured to provide sites of 
regeneration. Regeneration occurs better at injured cell sites 
proximal to the basal site. Conveniently, the cotyledon may 
be cut into sections, usually three, and the middle section 
employed for transformation. 


The injured cotyledon tissue is transferred to a feeder 
plate, The cells of the feeder plate act as a nurse culture for 
the injured cotyledon tissue and enhance the efficiency of 
transformation. Any convenient plant cell suspension may 
be employed as the feeder cultmre, such as Nicotiana 
{tabacco) or com, particularly the former. While tobacco 
feeder cells are preferred for certain crops, ¢.g., tomato, corm 
or other plant feeder cells are also useful as feeder cells. The 
preincubation with the feeder cell conditioned medium is 
usually at least six hours and not more than about 48 hours, 
12 to 24 hours usually being employed. Preferably the 
preincubation is cartied out in low light, generally 40-50 
micro Einsteins, but no greater than 80 micro Einsteins. 

The feeder plates are prepared by employing a plant 
suspension culture, ¢.g., Nicotiana cells, about 10*.-10°° 
celis/ml, usually about 10° cells/ml, in a soft agar medium, 
generally having from about 0.5 to 1% agar and containing 
an appropriate growth medium, such as Murashige and 
Skoog minimal organic medium and appropriate amounts of 
hormones, i.c., auxins, such as 2,4-dichlorophenoxyacctic 
acid (2,4-D), kinetin and vitamins, such as thiamine, with 2 
mecius appropriately 8 ffered in the range from 5 to 4, 
preferably about 5.5, The’kinctin and thiamine will generally 
be about 0.075 to 1.5 mg/L, while the 2,4-D will generally 
be about 0.05 to 0.2 mg/L. Desirably, the feeder plates are 
prepared prior to being used, usually at least about one, more 
usually two days, prior to being used. 

After the feeder suspension cells have grown for at least 
24 hours, generally 24 to 48 hours, the feeder plates (soft 
agar layers) are covered with a porous cover to prevent the 
feeder cells from coming into contact with the cotyledon 
explants. This porous cover allows the explants to be bathed 
in conditioned medium. This can be readily achieved 
employing a sterile filter paper disk such as, for exarople, #1 
Whatman filter paper and the like, The cotyledons are then 
allowed to preincubate, followed by transfer to a broth 
culture of the Agrobacteria strain containing the DNA con- 
struct for transformation of the plant cells, said Agrobacteria 
having the geuetic capability for transfer of the construct 
into the plant cells, Generally, the number of bacteria are 
from about 10° to 10'%/ml, usually about £0* to 10'/ml and 
will vary with the particular atrain. 
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The contact with the Agrobacteria in the bacterial broth 
culture, e.g., MG/L (same as LBMG; see Garfinkel ot al., J. 
Bacteriol, (1980) 144:732~743), is usually at least about | 
minute and not more than about 1 hour, usually averaging 
about 30 minutes. The cotyledon sections are then trans- 
fered from the bacterial broth, excess surface liquid 
removed and the cotyledon sections returned to the feeder 
plates, Bacterial cocultivation on the feeder plates will 
usually be at least 6, usually at least 12 hours and not more 
than about four days, averaging about one to three days. 
After cocultivation with the bacteria, the cotyledon scg- 
ments are transferred to regeneration medium. 


The regencration medium will usually contaia a bacterio- 
cide, e.g., carbenicillin (500 mg/l), and may contain a 
selective reagent for selecting transformed cells. For 
example, with the kanamycin resistance gene (APH3), 
kanamycin will be added to at least about 30 mg/l and 
usually not more than about 500 mg/l, preferably from about 
50 to 100 mp/l, in the selective medium. The regeneration 
medium includes an appropriate salt source, such as 
Murashige-Skoog salts medium, a carbon source, ¢.g., 
sucrose, with appropriates other additives, such as hormones, 
e.g., zealin, etc., at about 0,75-2.25 mg/l, myo-inosital at 
about 50-200 mg/L, etc. Also, a vitamin supplement may be 
added, e.g. Nitsch vitamins, at about 0.5 to 1.5 mf of 1000x 
stock, (usually 1.0 ml/) as is conventional in regeneration 
media. The 1000 stock of Nitsch vitamins contains in a 100 
ml final volume: 50 mg thiamine HCI, 200 mg glycine, 50 
me nicotinic acid, 50 mg pyridoxine HCI, 50 mg folic acid, 
5 mi biotin and water to volume. The carbon source will be 
present in from 10 to 30 g/l. Conveniently, the regeneration 
medium contains about 0.5 to 1.0% agar, with the regen- 
eration medium being buffered at about pH 640.5. 


In 2 to 3 weeks shoots nonnally develop, When the shoots 
are approximately 1 to 2. cm, they are excised at the base and 
transferred to a rooting medium, for example, MSSV 
medium and the like, which may be the same medium as that 
on which the seedlings were grown, with carbenicillin 
(usually 50 mg/l) and kanamycin sulfate (usually 50 mg/l) 
added. Roots generally develop within 7~14 days. The 
resulting plantlets can then be transfered to soil and grown 
into plants. 

Various disarmed strains may be employed which provide 
for efficient transformation of plants. The disarmed strains 
will lack in whole or in part the T-DNA region, particularly 
the hormone gene region, and may also lack one or both 
borders and the region associated with the expression of 
opines. Desirably, the Ti- oc Ri-plasmid lacks a region of 
significant homology with the construct sequence. 

The Agrobacterium system which is employed involves 
the use of 2 disarmed strain, for example, A. tumefaciens 
PC2760 (G. Coms et al., Plasmid (1982) 7:15~29; G. Coms 
et al., Gene (1981) 14:33; A. Hockema et al, Nature (1983) 
303-179-181; Eucopean Patent Application 94.200239.6, 
2424183). 

The Agrabacteria to be employed in the transforming of 
the plant cell will be transformed with a wide host range 
plasraid that can ehutile DNA from & coli into the Agro- 
bacteria. This can be achieved by having a P-1 incompzi- 
ibility plasmid replicon, e.g. RK2, md a plasmid replicon 
capable of providing multicopies in E. coli, usually at least 
5, preferably at east 10, and up to 200 copics in &. coli. The 
wide host range plasmid will be characterized by having at 
least one T-DNA boxder sequence, particulary the right 
border sequence, or conveniently having both border 
sequences separated in one direction by the various con- 
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structs intended to be integrated into the plant species 
genome. 

The transformed plant cclls may be cells in culture, may 
be present as a disorganized mass in callus, organized as leaf 
explants, shoot cultures, seeds, fruits, leaves, roots, or orga- 
nized as a whole plant. The foreign construct will normally 
be present in all or substantialfy all of the cells of the plant 
tissue, but expression may be limited to particular cells or 
particular stages in the development of the plant. The foreign 
construct will include transcriptional and translational ini- 
tiation and termination signals, with the initiation signals 5° 
to the gene of interest and the termination signals 3° to the 
peoc of interest. 


The transcriptional inivation region which includes the 
RNA polymerase binding site (promoter) may be native to 
the plant host or may be derived from an alternative source, 
where the region is functional in the tomato host. Other 
sources include the Agrobacterium T-DNA genes, such as 
the transcriptional initiation regions for the biosynthesis of 
nopaline, octopine, mannopine, or other opine transcrip- 
tional initiation regions, transcriptional initiation regions 
from plants or other plant species than the host species, 
transcriptional initiation regions from viruses, particularly 
host specific viruses, or partially or wholly synthetic tan- 
sctiption initiation regions. 

The transcriptional initiation regions may not only include 
the RNA polymerase binding site, but also regions providing 
for regulation of the transcription, where the regulation 
involves chemical or physical repression or induction, ¢.zg., 
metabolites or light, or regulation based on cell differentia- 
tion, such as associated with leaves, roots, seed, or the like. 
Thus, the transcriptional initiation region or the regulatary 
portion of such region is obtained from an appropriate gene, 
which is regulated, for example, the 1 ,5-ribulosebiphos- 


phatecarboxylase gene, which is light-induced, stress-in- ° 


duced genes, heat shock genes, which are temperature 
regulated, wound induced genes, meristem specific genes, 
etc, 

The 3' termination region may be derived from the same 
gene as the,transcriptional initiation region or a different 
gene. For example, where the gene of interest has a tran- 
scriptional termination region functional in the tomato spe- 
cies, that region may be retained with the gene. 

An expression cassette is constructed which includes the 
transcriptional initiation region, the gene of interest under 
the transcriptional regulational control of the transcriptional 
initiation region, the initiation codon, the coding sequence of 
the gene, with or without introns, the translational stop 
codons, followed by the transcriptional termination mgion, 
which will include the terminator, and normally includes a 
polyadenylation signal sequence, and other sequences asso- 
ciated with transcriptional termination. The direction is 5‘-3' 
in the direction of transcription. The cassette will usually be 
less than about 10 kb, frequently less than about 6 kb, 
usually being at least about | kb, more usually being at least 
about 2 kb. 


The gene of interest may be derived from a chromosomal 
genc, cDNA, a synthetic gene, or combinations whereof, 
Where the expression product of the gene is to be located in 
other than the cytoplasm, the gene will usually be con- 
structed to include particular amino acid sequences which 
result in translocation of the product to a particular site, 
which may be an organelle, such as the chloroplast, mito- 
chondrion or nucleus, the cell plasma membrane, or may be 
secreted into the periplasmic space or into the external 
environment of the cell, Various sceretory Icaders, mem- 
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brane integrator sequences, and translocation sequences for 
directing the peptide cxpression produci to a particular site 
are described in the literature. See, for exampic, Cashmore 
et al., Biotechnology (1985) 3:803-808, Wickner and Lod- 
ish, Science (1985) 230:400-407. 


Genes of inlerest for usc in plant species include a wide 
variety of phenotypic and non-phenotypic propertics. 
Among the phenotypic properties are enzysies which pro- 
vide for resistance to stress, such as dehydration resulting 
fram heal and salinity, resistance to insects, herbicides, toxic 
metal or trace elements, or the like. Resistance may be as a 
result of a change in the target site, enhancement of the 
arnount of the target proteia io the host cell, the increase in 
one or more enzymes involved with the biosynthetic path- 
way to a product which protects the host against the stress, 
and the like. Genes may be obtained from prokaryotes or 
eukaryotes, bacteria, fungi, c.g., yeast, viruses, plants, mam- 
mals oc be synthesized in whole or in part. Iustrative genes 
include glyphosate resistant 3-cnolpyruvylphosphoshiki- 
mate synthase gene, nitrilase, genes in the proline and 
giutamine biosynthetic pathway, metallothioncins, 
thioesterase I, acyl carrier protein, acety] transarylase, ete. 
Other genes of interest may be involved with regulation of 
growth, such as marmipulations of source/sink (carbon par- 
litioning) relations, ¢.g.. changes in solids content. or hor- 
monal regulation, photosynthetic efficiency, such as altering 
the efficiency of RuBP carboxylase, or changing the quality 
of the plant taste or nutntional value, altering solid liquid 
ratios, viscosity or the number, size, color and abrasion 
resistance or firmness of the plant fruit. 

One or more cassettes may be invelved, where the cas- 
seties may be employed in tandem for the expression of 
independent genes which may express products indepen- 
dently of each other or may be regulated concurrently, where 
the products may act independently or in conjunction. 


The expression cassette to be transformed into plant cells 
by means of Agrobacterium, will be bordered usually within 
at least about Ikb by the night or both T-DNA boners. These 
borders may be obtained from any Ti- or Ri-plasmid and 
may be joined to the expression cassette by conventional 
ways. The expression cassette may be constructed so as to be 
directly transferred from a plasmid other than a Ti- or 
Ri-plasmid or may become integrated into the T-DNA region 
of a Ti- or Ri-plasmid through homologous recombination. 
Thus, the expression cassette could have DNA sequences af 
one or both borders of the expression cassette homologous «, 
with sequences present in the T-DNA region of the Ti- ar 
Ri-plasmid. The Ti-plasmid will be disarmed so as to lack 
the genes expressing the protein product(s) essential to gal} 
formation. 

The expression cassette will normally be carried on a 
vector having at least ove replication system. For conve- 
nience, itis common to have a replication systera functional 
in &. coli, such as ColE!, pSCIOlL, pACYC1 84, or the like. 
In this rommer, at cach stage after each manipulation, the 
resulting construct may be cloned, sequenced, and the 
correctness of the manipulation determined. In addition, or 
in place of the E. colf replication system, a broad host range 
replication system may be employed, such as the replication 
systems of the P-] incompatibility plasmids, c.g., pRK290. 
These plasmids are particularly effective with disarmed 
Ti-plasmids for transfer of T-DNA to the plant species host. 

In sidition to the replication system, there will frequeotly 
be at least one marker present, which may be useful in one 
or more hosts, or different markers for individual hosts. That 
is, one marker may be employed for selection in a prokary- 
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otic host, while another marker may be employed for 
sclection in a eukaryotic host, particularly the plant species 
host. {he markers may be protection against a biocide, such 
as antibiotics, toxins, heavy metals, or the like; or comple- 
mentation, imparting prototrophy to an auxotrophic host. 
Various genes which may be employed include neomycin 
phosphotransferase (NPT), hygromycin phosphotrans- 
ferase (HPT), chloramphenicol aminotransferase (CAT), nit- 
rilase, gentamicin resistance gene, etc. For plant host selec- 
tion, markers of particular interest include NPT, providing 
kanamycin resistance or G418 resistance, HPT, providing 
hygromycin resistance, CAT, providing chioramphenico! 
resistance, mutated aroA gene providing glyphosate resis- 
tance, cic. 

‘The various fragments comprising the various constnicts, 
expression cassettes, markers, and the like may be intro- 
duced consecutively by restriction enzyme cleavage of an 
appropriate replication system, and insertion of the particu- 
lar construct or fragment into the available site. After 
ligation and cloning the vector may be isolated for further 
manipulation. All of these techniques are amply exemplified 
in the literature and find particular exemplification in Mania- 
tis et al., Molecular Cloning: A Laboratory Manual, Cold 
Spring garbor Laboratory, Cold Spring Harbor, N.Y, 1982. 


The transformed plant cells containing the desired con- 
struct may now be isolated by appropriate selective means. 
The celis may be grown onto callus in a selective medium, 
which medium may contain a biocide, ¢.g., an antibiotic 
such as G418, hygromycin, bleomycin, etc., depending upon 
the particular marker included in the construct to provide for 
resistance. The concentration of the biocide will vary in 
accordance with plant cell susceptability. Where no marker 
is used or the expression of the marker gene proves inad- 
equate for sclection, transformed cells may be detected by 
Southern, Northern, or Western blots for detecting nucleic 
acid sequences and proteins. a 

Once the callus forms shoots, the shoots may be trans- 
ferred to a rooting medium to produce plantlets which 
express the gene of interest 


‘The resulting plant may have a wide variety of desirable 
phenotypes, such as resistance to adverse conditions, ¢.g.. 
heat, salinity, herbicides, etc, improved processing charac- 
teristics, improved organoleptic properties, overproduction 
of particular plant products, eg. plant oils, production of 
bacterial or mammalian proteins and the like. 

The following examples are offered by way of illustration 
and not by way of limitation. | 


EXPERIMENTAL 


E. coli strain MM294 (Hanahon, J. Mol. Biol. (1983) 
116:557-580) was used as the host for binary vectors 
containing the pRK290 type replicon. Agrobacterium strain 
C58 has been described supra. PC2760 is another designa- 
tion for Aprobacterium strain LBA4404 (Hoekema et al., 
Nature (1983) 303:179-180). Strain K12 was generated by 
transforming pTiA6 into strain All4d (NTI) (Nester and 
Kosuge, Ann. Rev. Microbiol, (1981) 35:531, Hoekema ct 
al., Nature (1983) 303:179). Levels of entibictics used with 
E. coli in mg/l were 30 for kanamycin, 50 for chioramphent- 
col, 300 for penicillin, 10 for tetracycline and 20 for gen- 
tamicin. Unless otherwise indicated, levels of antibiotics 
used with Agrobacteria in mg/l were 100 for kanamycin or 
gentamicin and 50 for carbenicillia or chioramphenicol. 
Laboratory Procedures 

Restriction enzymes and T4 ligase were obtained from 
commercial sources and used according to manufacturers’ 
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recommendations, Standard methods of cloning and 
molecular analysis were performed as described in Maniatis 
et al., supra. 
Deposit 

E. coli containing plasmid C2110 pCGN587/85 were 
deposited with the American Type Culture Collection 
(ATCC) 12301 Parklawn Drive, Rockville, Md., 20852 on 
May 20, 1986. The cultures were given Accession Number 
ATCC 67118. 


EXAMPLE [ 


For all the cocultivation studies, a binary disarmed strato 
of A. tumefaciens designated LBA4404/587/85 was uscd. To 
prepare the strain, a binary vector plasmid, PPMG83/387 
was introduced into strain LBA4404 as described below. 
This vector plasmid carries a modified T-DNA with three 
chimeric genes. Twa of the genes code for neomycin phos- 
photransferase (APH3'T) enzyme activity which confers 
resistance to the antibiotic kanamycin. One of the APHS'L 
genes is spliced to the octopine synthase promoter and the 
other to the mannopine synthase promoter. The two APH3'0 
genes were engineered into the T-DNA to allow for direct 
selection of transformed tissue, The third chimetic gene 
fusion contains a mutant aroA gene isolated from Salmo- 
nella typhimuritn which confers tolerance to the herbicide 
glyphosate. This gene has been spliced to the mannopine 
synthase promoter to obtain expression in plants. 

Plasmid Constructions . 

The Bglll-Smal fragment of To5 containing the entire 
structural gene for APH3TL (Jorgensen et al, Mol Gen. 
(1979) 177:65) was cloned into pUCS (Vieira and Messing, 
Gene (1982) 19:259), converting the fragment into a Hin- 
dIII-EcoRI fragment, since there is an EcoRI site immedi- 
ately adjacent to the Smal site. The Pstl-EcoRI fragment 
containing the 3° portion of the APH3'E gene was then 
combined with an EcoRI-BamHI-Sall-Pstl tinker into the 
EcoRI site of pUCT (pCGN546W). Since this construct does 
not confer kanamycin resistance, kanamycin resistance was 
obtained by inserting the Bglil-PstI fragment of the APH3T 
gens into the BamHI-Pstl site (pCGN546X). This procedure 
reassermbles the APH3'TI pene, so that EcoRI sites flank the 
gene. An ATG codon was upstream from and out of reading 
frame with the ATG initiation codon of APH3'IL The undes- 
ired ATG was avoided by inserting a Sm3A-Pstl fragment 
from the J'-cad of APH3T, which fragmeat lacks the 
superfiuous ATG, into the BamHi-Pstl site of pCGN546W to 
provide plasmid pCGN3S50, 

The EcoRI! fragment containing the APH3'TI gene (LATO) 
was then cloned into the unique EcoRI site of pCGN45l, 
which contains an octopine syathase cassette for expression 
to provide pCGNSS2{1ATG). The octopine synthase cas- 
sette contains about 1556 bp of the 5' non-coding region 
fused via an EcoRI linker to the 3' non-coding region of the 
octopine syathase gene of pTLA6. The pili coominates are 
11,207 to 12,824 for the 3° regian and 13,643 to 15,208 for 
the 5’ region as defined by Barker et al, Plant Mol. Biol 
(1983) 2:325. 

The 5° fragment was obtained as follows: A small gub- 
cloned fragment containing the 5’ end of the coding region, 
as a BamHl-ReoRI fragment was cloned in pBR322 as 
plasmid pCGN407. The BamHI-EcoRI fragment has an 
Mrnnl site in the coding region, while pBR322 has two Xronl 
sites, POGN407 was digested with Xml, resected with 
Hal31 muclease and EcoRI linkers sdded to the fragrnents. 
After EcoRI and Bamfil digestion, the fragmerits were size 
fractionated: the fractions were then cloocd and sequeaced. 
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In one case, the entire coding region and 10 bp of the 5’ 
non-translated sequences were removed Icaving the 3‘ non- 
transcribed region, the mRNA cap site and 16 bp of the 5° 
non-translated region (to a BamHI site) intact. This small 
fragment was obtained by size fractionation on a 7% acry- 
larnide gel. Fragments approximately 130 bp long were 
eluted from the gel. This size-[ractionated DNA was ligated 
into Ml3mp9. Several clones were sequenced and the 
sequences compared to the known sequence of the octopine 
synthase gene. The M13 constrict was designated pl4, 
which plasmid was digested with BamHI and EcoRI to 
provide the small fragment which was ligated to a Xhol to 
BamHI fragment containing upstream 5‘ sequences from 
pTiA6 (Garfinkel and Nester, J. Bacteriol. (1980) 144:732) 
andi to an EcoRI to Xhol fragment containing the 3’ 
sequences. The resulting Xhol fragment was cloned into the 
Xhol site of a pUC8 derivative, designated pCGN426. This 
plasmid differs from pUC8 by having the sole EcoRI site 
filled in with DNA polymerase J, and having lost the Pstl and 
HindId site by nuclease contamination of the Hinci] restric- 
tion endonuclease, when a Xhol linker was inserted into the 
unique Hincil site of pUC8, The resulting plasmid 
pCGN451 has a single EcoRI site for the insertion of protein 
coding sequences between the 5° non-coding region (which 
contains 1,550 bp of 5' non-transcribed sequence including 
the right border of the T-DNA, the mRNA cap site and 16 bp 
of 5S non-translated sequence) and the 3' region (which 
contains 267 bp of the coding region, the stop codon, 196 bp 
of 3' non-translated DNA, the polyA site and 1,153 bp of 3 
non-transcribed sequence). 

Piasmid pCGN451, which had the ocs 5° and the ocs 3 in 
the proper orientation, was digested with EcoRI and the 
EcoRI fragment from pCGN551 containing the intact kana- 
mycin resistance gene was insericd into the EcoRI site to 
provide pCGN552 which had the kanamycin resistance gene 
in the proper orientation, This ocs/KAN gene was used to 
provide a selectable marker for the trans type binary vector 
pCGNS87. 

The 5' portion of the engineered octopine synthase pro- 
moter cassette consists of TLAG DNA from the Xhol frag- 
ment at bp 15208-13644 (Barker's numbering), which also 
contains the T-DNA boundary sequence (boricr) implicated 
in T-DNA transfer. In the plasmid pCGN587, the ocs/KAN 
gene from pCGN552 provides a selectable marker as well as 
the right border, The left boundary region was recloned from 
the HindIil-Ecol fragment as a Kpal-EcoRI fragment in 
pCGN565 to provide pCGN580. pCGN565 is a cloning 
vector based on pUC8-Cynfbut containing pOC18 linkers. 
pCGNS580 was linearized with BamHI and used to replace 
the smaller Bglll fragment of p¥CK102 (Knauf and Nester, 
Plasmid (1982) 8:45), creating pCGNS85. By replacing the 
smaller Sall fragment of pCGNS85 with the Xhol fragment 


from pCGN552 containing the ocs/KAN gene, pCGN587 
was obtained. 
Construction of pPMG85 

To construct pPMG85, the mannopine synthase gence 
(mas) 5' region from pTiA6 (Salomon et al., EA{BO J. (1984) 
3:141-146}. The gene was obtained from a cosmid clone 
carrying the T-DNA of pTiA6 called pVCK232 (Knanf and 
Nester, Plasmid (1982) 8:45-54). pVCK232 was digested 
with EcoRI and one of the resulting fragments called Eool3 
or EcoC was cloned in pACYC184 to provide plasmid 
pOGN14. Digestion of pCGN14 with Clal and Sphi yielded 
a mixture of fragments with the desired fragment resulting 
from cleavage at the Cint site (20128) to the Sphl site 
(21562) (Barker et al., Plant Mol. Bio. (1983) 2:335-350). 
This contains the mas 5’ region sud was cloned in 
pUC19 (Yanisch-Perron et al., Gene (1985) 33:103-119) 
which had been linearized with Sphl and Acc] to provide 
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plasmid pCGN40. The aroA BamHI fragment from 
pPMG34 (Stalker et al, J. Biol Chem (1985) 


260:4724-4728) was cloned in the proper orientation in 
pCGN40, where the aroA gene was fused to the mas 
promoter region, providing pPMG67. 

To provide a polyadenylation signal, the tm] 3° region of 
pTiA6 (Garfinkel et al., Cell (1983) 27:143-153) was used. 
A T-DNA BamHI! fragment (9062-13774; Barker number- 
ing) containing such region was cloned from pVCK232 in 
pACYC184 in the orientation where nucleotide 13774 was 
proximal to the HindHl site of the vector. The resulting 
plasmid was digested with Smal, which cleaves at nucle- 
otide 11210 (Barker numbering) of the tml 3‘ region and ao 
octomeric Xhal linker (New England Biolabs) inserted. The 
resulting plasmid pBamX was digested with Hindiil and 
Xhol. A fragment containing most of the mas 3 region and 
the aroA gene, obtained by digestion of pPMG67 with 
HindlD and Sall, was cloned into the linearized pHaraX. The 
resulting plasmid, pPMG73, contained a 5'-mas-amA-oml-3’ 
hybrid gene. 

To allow for efficient selection in Agrobacterium, the 
kanamycin resistance gene from pUC4K (Vicira and Mess~ 
ing, Gene (1982) 19:259-268) was excised: from Sall and 
cloned in a Xhol site present in the aroA distal end of the 
mas 5' region giving pPMG76. A 2.0 kb EcoRI fragment in 
the Hind17 region of pRIA4T-LT-DNA (White and Nester, J. 
Bacteriol. (1980) 141:1134; Taylor et al, Mol. Gen. Genet. 
(1985) 201:546) was cloned in the chloramphenicol resis- 
tance gene EcoRI site of pPMG76 yielding pPMG8&2. 

To allow selection of transformed plants on kanamycin, a 
mas-npt hybrid gene was constructed. (See Velten et al., 
EMBO J, (1984) 3:2723-2730 for an analogous construc- 
tion.) The mas 5° region was excised from pCGN40 by 
digestion with EcoRV (21552; Barker mumbering) and 
EcoRI Gin the pUC19 polylinker) and cloned in pCGN451 
digested with Smal! and EcoRI. The restriction deletes all of 
the ocs 5' region from pCGN451 and inserts the mas 5° 
region in its place. In addition, part of the pUC19 polylinker 
from Xbal to EcoRI was placed between the mas promoter 
region and the ocs polyadenylation site, allowing a choice of 
different sites for insertion of genes to be expressed. In the 
EcoRI site of this plasmid pCGN46, an EcoRI fragment of 
pCGN552, carrying the Tao5 npt gene (Rothstein ct al., Cell 
(1980) 19:795-805), was inserted where an untranslated 
ATG sequence in the J region had been removed. The 
hybrid mas-npt-ocs gene was excised by digestion with 
Xhol and cloned in the Sail site of pPMG82Z resulting in 
pPMG85. 

Plasmid pPMG85 contained, beginning from the EcoRI 
site, an EcoRI-Hindill 1.5 kb fragment from pACYC184 
and, going clockwise, the bacterial kanamycin resistance 
gene from pUC4K, the mas 5‘ region nucicotides 21476 to 
20128, oriented in the clockwise direction, a BamHI-Sall 
aroA-contaicing fragment from pPMG34, the tml 7’ region 
from nucleotides 11207 to 9062, a BamHI-Sall fragment 
from the tetracycline resistance gene of pACYC184, the npt 
gene from pOGNS552, a 2.5 kb Sall-EcoRI fragment from 
pACYC184 and a 2 kb EcoRI fragment from pRIA4 on the 
Belll-HindIl-17 fragment (Huffman et al., J. Bacteriol. 
(1984) 157:269-276). 


EXAMPLE HI 


Tomato Transformation and Regencration 
Cotyledon Preparation 
Lycopersicon esculentum cv UC82 (Department of Veg- 
etable Crops, University of California, Davis, Calif. 95616) 
seed were turface sterilized for 5 min in « 0.05% sodium 
hypochlorate solution and plated onlo tomato seedling 
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